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Appendix A

Process Description for Waste Receiving and Preparation

All retrieved waste is deliveredto the Sorting Deck zone area of the treatment facility. The
retrieved waste may be delivered in as retrieved bulk and unit forms via front-end loaders or, it may be
delivered in special re-usable transport boxes. These boxes are nominally 5 ft x 5 ft x 10 ft long and are
delivered by AGVs or other mobile or fixed unit material handling equipment. The waste products are
dumped into four containers equipped with walking floor conveyors. Each of these containers has a net
capacity of about 5-6 m’. These containers provide the 24-hour operational surge capacity for the
downstream treatment processes.

The Sorting Deck has an approximate overall surface configurationthat is 25 ft long x 75 ft wide.
The top of the deck is 15 ft above the base floor of the facility. The deck is sized to allow between 10to
20 m’ of retrieved waste materials to be deposited on it at one time for initial sorting, group classification,
and direction to processing operations. The large variation in volume is due to the inconsistent forms in
which wastes will be retrieved. At any time the retrieved waste will be comprised of any or all of the
following forms: loose soils, loose debris, drummed wastes, boxed wastes, bundled wastes, and unit item
wastes. The entire deck area is enclosed as a Zone III radiological area. All operations within this zone are
accomplished utilizing remote controlled equipment. Access in and out of this area is via controlled
isolation airlocks. The surface of the deck is configured into three work areas. Each of the areas is
equipped with two 12 ft wide x 20 ft long parallel walking floor type conveyors. As material is fed onto
the receiving end of the deck, the walking floor conveyors advance it from the back to the front edge of
the conveyor(s) effectively spreading out the received wastes in a controlled depth pattern over the entire
deck section area. The wastes are now ready for sorting and distributionto the differentunit operationsin
the characterizationprocessing area.

Operators located in an elevated and isolated control room utilize three hydraulic material handling
booms and an overhead bridge crane to spread, sort, classify and direct the various waste products to the
mechanical unit process cells of the characterizationarea. The control room is a Zone | radiological area.
It overlooks the entire length of the Sorting Deck from one side and provides viewing into the other areas
of the characterizations zones from its opposite side. In additionto direct viewing of the work areas, the
operators also utilize remote-mounted video cameras to provide 100% coverage and close-up viewing
capability for both operations and recording. Areas where waste materials are handled and processed are
equipped with Beta-Gamma detectors that allow the operatorsto isolate hot waste items that require
special handling and do not fall within the acceptable criteria for treatment.

The portion of the retrieved waste that is sorted needs to be moved perpendicularto the walking
floor to the designated mechanical process cells that prepare the different waste forms for sampling,
assay, and detailed characterization. Rather than handing off from one material handling/sorting arm to
anotherto move a waste item laterally, a segregated item of waste is placed in a specially designed basket
hung from the remotely controlled underhung bridge crane and moved to the conveyor servicing the
specified treatment glovebox.

Oversized objects are directed to a sizing cell where mechanical shears reduce the objects to sizes
suitable for packaging into drums or SWB insert containers. These containers are then conveyed to the
box assay staging area for sampling and assay operations.
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Full drums are directed via conveyor to a drum-processing cell. There the drum is opened and its
contents are dumped on a tray-type sorting table. Operators utilizing remotely operated equipment sort
and direct the drum and its contents as follows: the empty drum, the drum lid, are routed to the shredder,
sludges are packaged into SWB insert containers and routed to the box assay line staging area, any
non-shreddable and non-inventoried items (containers with solvents, etc.) are packaged in drums
identified for outlier objects. The drums are stored in a remote warehouse for future disposal.

Any free liquids are stabilized. All other contents are directed to the shredder. Cardboard boxes,
bundled combustibles, plastic wrappings, empty drums, lumped wastes and soils, and loose, thin metal
objects are routed directly to the shredder from the Sorting Deck. Non-inventoried item are packaged in
outlier drums, un-shreddable items are packed in drums and routed to the box assay line staging area.

When there is nothing left on any of the three zones on the deck except loose soils and wastes, that
zones walking floor conveyor is utilized to convey these products and discharge them to the 5 ft wide grid
covered slot which extends the entire length of the table. The grid is sized with 4 in. x 4 in. openings to
restrict the size of materials that can report to a conveyor below. A large collection hopper below the grid
directs product to the soils collection conveyor that transports and transfers the product to the screen feed
conveyor.

The screen feed conveyor transports, elevates and discharges the product stream to the disc screen.
The screen allows minus 60-mm material to fall through to a conveyor system that then routes it to a
staging bin at the bulk/belt assay cell. The plus 60-mm material is discharged from the screen to the
conveyor system feeding the shredder.

Material handling of the organic setups is quite likely to be one of the greatest challenges
associated with treatment of the contents of Pit 9. The organic setups consist of Texaco regal oil, carbon
tetrachloride, and other organic contaminants and calcium silicate that were added to stabilize the liquid.
The solidified material has been described (Clements Report) as having the consistency of paste or grease.
Data from the GEM operations will provide better data regarding the container integrity and physical
properties of this material but it is likely that this paste-like material will be difficult to manage.

About 1140 drums of organic setups were disposed of in Pit 9. Some of these drums are likely to be
degraded. Descriptions from the Clements Report indicate that separation of the organic contaminants
from the calcium silicate may have occurred. The combination almost certainly ensures that there has
been contamination of surrounding soil with organic liquids, so the treatment system will have to
accommodate both contaminated soil and the contaminated paste-like material.

From a material handling perspective, the contaminated soil should be relatively easy to manage
and will be handled with the rest of the soil. The soil will be transferred from the Sorting Deck to the soil
transport conveyor and then to the soil screen. Soil passing through the soil screen would then be stored in
small hoppers, for process control, and then carried by conveyor to the assay systems. Samples would be
taken from the assay belt for analysis for RCRA hazardous constituents.

The paste-like setups, however, will pose more of a material-handling problem. The proposed
approach is to identify the organic setups during retrieval so that special plastic “skid plates” or “tubs”
can be placed at the Sorting Deck to facilitate moving the material across the sorting deck. The organic
setups would be transferred to the Intact Drum/Special Materials Glovebox, which is located at one end of
the sorting deck. The material would be transferred into new plastic containers, similar in size to
55-gallon drum liners. This repackaging effort would be accomplished such that the WIPP criterion for
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visual examination of the package waste would be met because, at this stage in the process, it is not
known if this material is TRU or not. The plastic container would be transferred to the box/drum assay
system where it will be assayed. If the container is TRU (> 100nCi/g), it will be overpacked in a
55-gallondrum and placed into the WIPP certification process. If the container is not TRU, it must be
treated before being returned to the pit. These non-TRU organic setup containers will be “stockpiled”
until several (approximately 10 or more) have been collected. These containers and an amount of soil (the
amount to be determined from future development testing) will be processed concurrentlythrough the
shredder. The shredder will provide the capability to assure that the organic setup and soil are sufficiently
mixed that the material handling properties are sufficient for transfer to the thermal desorption system.

The shredder reduces the infeed materials to minus 60-mm products. These are then routed to a
packaging station where they are packed into SWB inserts that are then routed to the box assay cell
staging area.

The waste products in both assay staging areas are fed to the assay units at rates and intervalsthat
meet the requirements of the assay units. Sampling and analysis for VOCs is also performed during this
phase. As the waste streams emerge from the assay cells, they are directed to any of several staging and
packaging areas to prepare them for hrther disposition.

If the fully characterized waste meets all criteria for return to Pit, it is packaged in special Return
Waste Boxes. These are nominally sized at 5 ft x 5 ft x 6 ft high. They can accommodate either bulk or
packaged wastes. After these boxes are packed with waste products, grout is pumped into them to assure
that all voids are filled and that the containers are structurally stabilized. The containers are then lidded,
sealed and routed to staging, in a separate warehouse holding area, for eventual return to Pit 9.

Waste products meeting the criteria for transfer to the WIPP facility are routed to a packaging
staging area for WIPP-approved packaging, to a packaging cell for packaging for hrther treatment, or in
the case of wastes already packed in 55-gallon drums, directto treatment. Depending on the types of
additional treatment processes that may be employed, the waste products for WIPP may be re-packaged in
re-usable tote bins for in-process surge storage.

The characterizationarea operates 24 hours per day. All components and sub-systemsare designed
to process a minimum of 2 m*/hour or 48 m’ of retrieved waste per day.

Equipment Description/Selection Basis

The various individual equipment items and the discrete mechanical process sub-systemslocated in
the Characterization Area were selected not only for their direct applicability for their designated
hnctions, but also for their proven designs, their robustness of construction, and their minimal
maintenance requirements. All equipment items functional capacity far exceeds the actual design
requirements. This is the result of conservative equipment sizing, selection of individual components for
their durability and historically proven reliability and, sizing items and components so that maintenance
requirements are minimized. Conservative sizing, primarily for volumetric dimensions, is important
because of the unknown condition of the retrieved waste containers. Volumetric dimensional data are
based on available inventory records of wastes buried in Pit 9 (OU 7-10). The largest anticipated
containers buried in the pit are 5 ft x 5 ft x 10ft long. There are also references to bundled wastes that
contain everything from office furniture, 100 feet of gloveboxes, demolition debris, and unknown items.
No solid information is provided for these bundled waste dimensions. It is anticipatedthat all intact
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bundles will be opened and sorted on the Sorting Deck. This is also true for all other containers except
55-gallon drums. Following is a brief discussion of the major equipment items selection basis.

All equipment specified for the characterization area was selected specifically for its suitability for the
operations, tried and proven track record, robustness of construction, ability to be remotely operated, and
minimal maintenance requirements. Additional design requirements that the selected equipment can
accommodate are, where possible, utilization of hydraulic drives with only the actual hydraulic motors
and cylinders in the enclosed work cells. The actual hydraulic units are to be located in a remote Zone |
area. Equipment is furnished in unitized modules to allow easy replacement/removal and all equipment
items utilize standard and commercial readily available components.

Conveyors

Conveyors are the most critical aspect of the entire Characterization Facility. They are required to
move both bulk and unit type loads. They must accommodate variations in bulk densities, moisture
contents, particle and unit sizes, feed rates, and severe impact loadings. The conveyors provide controlled
feed rates to the various individual mechanical processes. They must be able to operate continuously in an
extremely adverse environment. The conveyors must also have the capability to stop and restart, fully
loaded, due to equipment upsets or special process requirements and most importantly, the conveyors are
expected to perform their hnctions for the life of the facility with no major breakdowns. For simplicity of
design, spare parts inventory, and operator familiarity, the number of types of conveyors and the different
sizes of conveyors will also be minimized.

The three most common types of conveyors that meet the above criteria are vibrating type pan
conveyors, belt conveyors, and apron conveyors. Vibrating conveyors have limitations on length and are
not suitable for elevating the conveyed loads. For these reasons vibrating conveyors were eliminated from
hrther consideration. Belt conveyors are by far the most common type of conveyors utilized for similar
applications. Several inherent characteristics of belt conveyors, while not normally serious drawbacks,
can be major problems for applications requiring enclosed and isolated operating conditions. The belting
itself while quite durable is subject to damage from sharp edges-such as from metal debris, damaged
drums, etc. This type of damage can be addressed by replacing a section or even the entire length of the
belting. This is not a good activity to undertake in areas contaminated with radioactive waste residues.
Belt conveyors do not like severe shock or impact loading. These actions can cause the belting to run off
track (center), damage the belting edges, spill material, and shut down the system. In applications where
operator interface is not an issue, these mishaps can be readily addressed. Again, in areas contaminated
with radioactive waste residues direct operator interface should be minimized. Fire retardant belting is
available and commonly used. However, should a combustion incident occur, the belting would be
damaged and require partial or entire replacement. The third type of conveyor, apron conveyors, is able to
tolerate the above negative conditions without sustaining damage and/or requiring direct operator
interface.

The carrying belts of apron conveyors are constructed of overlapping u-shaped formed metal plate
sections. These sections form a continuous carrying surface (similar to a belt conveyor). The u-shape
contains both loose bulk and unit loads. Because the entire width of the carrying section is formed from a
single piece of metal plate, there is no gap for materials to leak through or become wedged under, as there
would be with a standard belt conveyor and skirt boards. The overall heavy-duty construction of apron
conveyors, which can be tailored to specific applications, allows them to absorb shock loads and mixed
feed conditions without being negatively impacted. An apron conveyor, like all continuous type
conveyors, will experience some carry back and dribbling of material along the entire length of its return
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run. To address this problem, all apron conveyors will be furnished with clean-up drag conveyors situated
below them to continuously capture any dribble and convey and discharge that material to the same point
as the apron conveyor.

Apron conveyors are utilized in the characterizationarea for all conveying applications of
as-received wastes, bulk wastes, and inter-process handling to packaging operations. After wastes are
packaged in new and stable containers, chain driven live roller conveyors (CDLRs) are utilized for
handling and conveying of the packed waste containersto hrther treatment, surge storage, or other
hnctions. Heavy-duty roller conveyors have been and are used in similar applicationsthroughout the
world. They are a reliable and proven type of conveyor for handling various shaped, sized and weight of
unit loads. They are a cost effective, reliable and durable means of fulfilling the requirements of the
characterization facility.

Material Handling Arms

Three material Handling Arms are provided at the Sorting Deck. These units are pedestal mounted
and remotely controlled. Their primary function is to sort all of the wastes received on the deck. The arms
are very similar to backhoe equipmentboom arms. They have different end affector attachment
mechanisms to allow for changing out different end affector attachments (shovel, grapple, two or four tine
roll clamps, barrel handlers, etc.). The arms are hydraulically powered and have a long history of reliable
operations.

Shredder

A “Komar” Tri-Auger shredder is provided for size reduction of retrieved waste products. This
particular brand name and type of shredder is used throughout the world in very similar applications. The
unit’s over-all robustness of construction and reliability has made it the top choice of numerous hazardous
and radiological waste treatment facilities. The tri-auger design requirement is dictated by the needs of
additional treatment processes that can handle only wastes with a maximum constituent size of minus
60 mm.

Screen

A disc type screen is provided to separate from the retrieved soils stream oversized materials
greater than 60 mm that have passed through the grizzly grid. Disc type screens utilize rotating discs,
instead of vibration, to convey the incoming feed across its deck area. The smooth operation of this type
of screen eliminates not only the high noise level associated with vibrating screens but also the majority
of problems associated with vibrating equipment. Usual problems such as drive motor failures, broken
seals, loosened mountings, necessary flexible connections and equipment fatigue failures, are minimized
by using this type of screen.
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Appendix B

Process Description for Thermal Desorption
Thermal Desorption of Soils/Sludges

Process knowledge of the waste in Pit 9 indicates that volatile organic compounds (VOCs),
including carbon tetrachloride, trichloroethane, trichloroethylene, perchloroethylene, and semi-volatile
organic compounds (SVOCs), including Texaco Regal oil, were present in the waste when it was
disposed in Pit 9. As container integrity was compromised, these compounds are expected to have
migrated into the soil matrix surrounding the waste. Some of these organic compounds are RCRA
hazardous constituents, and must be removed before non-TRU soil can be returned to Pit 9 for disposal.
To address the problem of organic material in the waste, thermal desorption was selected to remove the
organics from the soils and sludges prior to leaching.

Soils and sludges that have < 100nCi/g TRU contaminants will be processed in a thermal
desorption unit to remove hazardous VOCs. TRU (> 100nCi/g) soils will also be treated to remove VOCs
as a first step in the process to decontaminate those soils. Feed from the assay and pretreatment system
will be stored in a hopper to allow a continuous feed to the thermal desorber. The hopper will be sized to
hold at least 24 hours of feed or approximately 20 m® of material. The hopper will be connected directly
to the desorber to reduce the flow of air into the TD system and to reduce fhgitive emissions.

The volatility of the organics present affects the processing rate in the thermal desorber. Highly
volatile compounds will desorb at relatively low temperatures, especially if vacuum is applied. This will
reduce the batch time if the less volatile compounds can remain in the matrix. Less heat up reduces not
only the energy and time necessary to raise the temperature of the waste matrix, but will also reduce the
time required to cool the waste before it can be removed from the system. The RCRA-regulated VOCs
can be removed at temperatures less than 125°C, with perchloroethlyene having the highest boiling point
at 121°C. Having the desorber operate at 175°C should provide sufficient thermal driving head to ensure
that all VOCs have been removed by the process. Because the SVOCs present in the waste are not
hazardous, their volatility is not an issue, and they will be returned to Pit 9 with the bulk of the non-TRU
waste.

The relatively low operating temperature of 175°C will also prevent volatilization of significant
quantities of mercury or semi-volatile metals, such as cadmium if they are present. However, activated
carbon beds in the off gas will capture any mercury or other metals in the event that they are desorbed or
entrained in the thermal desorber off gas.

The bulk of the thermal desorption units available from the commercial sector have a capacity for
treatment up to 20 times greater than required to meet the present Pit 9 design basis. Many are rotary kilns
that use high sweep gas flow rates that would be inappropriate for the small particle Pit 9 waste. Two
small-scale thermal desorbers have been used to treat DOE waste, but would require multiple units to
treat the expected throughput. The interfacing of multiple units is deemed too complex to be practical for
the Pit 9 process, so these were not considered fhrther.

The unit that was selected for the Pit 9 process is a “Holo-Scru” Dryer manufactured by Unico
Services, Inc. This unit can easily be sized to meet the Pit 9 requirements. The process can also achieve
negative pressure or vacuum, eliminating fhgitive emissions from the system. The “Holo-Scru” Dryer
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circulates hot oil at 260°C through two hollow-flight screws, heating the waste as it is moved through a
jacketed W-trough housing. The final configuration will have to be determined in the detailed design
phase when exact vacuum requirements have been determined. The screws have 16-in.nominal diameter
flights, a 16-ftworking length with a 4-in. pitch mounted on 6-in. pipe shafts. The material of
construction is carbon steel. Shaft seals are designed to prevent loss of material or gases from or the flow
of gases into the system.

The desorber will be operated at about 175°Cto remove only the hazardous VOCs and leave the
SVOCs and hazardous metals in the waste. The system will operate under negative pressure to eliminate
fugitive emissions. Steam will be used as sweep gas to move the vaporized organics to the condenser. A
boiler will supply superheated steam to the dryer at approximately 39 kg/h. Use of steam as the sweep gas
will increase the load on the condenser, but decrease the load on the off gas system. Only
non-condensables entering with the waste and fugitive condensables will go into the off gas system.

Off gas from the thermal desorber will pass to a condenser where the organics and water will be
condensed. Graham Corporation makes a shell and tube condenser that will handle the vapor streams
generated by the thermal desorber. The Graham VCT Heliflow Vent Condenser condensesthe vapor
stream on the tube side, giving more positive control of the possibly radioactive stream. This unit allows
condensateto be piped into a tank, instead of draining off the outside of the tubes into a catch tank, giving
more positive control of the condensate. The vent condenser can operate at the required negative pressure.
Design vapor inlet temperature would be 175°C, while condensate temperature would be 50°C. The
design throughput for the condenser would be 310kg condensate per hour, assuming 93% water and 7%
organics. This would allow sufficientadditional condensing capacity to account for unforeseen moisture
in the waste.

The majority of the organics are relatively insoluble in water, so a settling tank will be used to
produce a neat organic stream that will be sent offsite for destruction. A 600-gallon settling tank will
provide 8 hours for the organicsto coalesce and separate. The organic phase will be pumped to a holding
tank, from which it can be pumped to suitable containers.

It is assumed that the condensed water could contain up to 1% of the incoming organics, so the
aqueous condensate will be pumped to an adsorption system consisting of two beds in series. A Bonifiber
bed would be used as an initial sorption step to separate organics from water. Bonifibers will adsorb 25
times their weight in organics, such as oil and similar organics, but are not suitable for halogenated
organics. An activated carbon filter will be used to remove halogenated organics from the water. For the
low flows anticipated in this application, canisters of activated carbon can be used. When the carbon
becomes saturated with organics, it can be recycled through the thermal desorber. Ultimately, the spent
carbon will be sent offsite for processing. The clean water will be processed in an evaporator.
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Appendix C

Process Description for Melting

Introduction

This alternative will vitrify all the soil, sludge, and shredded debris excavated from Pit 9 that is
>100 nCi/g and is destined for disposal at the WIPP. It is assumed that additive materials to be mixed
with the dirt/shredded wastes will make up no more that 10% of the melt chemistry.

Melter Feed System
Feed from Retrieval

During retrieval operations, debris, soil, and sludge will be sorted, sized as needed, analyzed, and
packaged in tote bins, which will be delivered to the melter feed system. These tote bins will have a
volume of approximately 3 m® and will require changing about twice per 8-hour shift.

Shredded Solid Feed

The shredded debris feed subsystem will consist of the tote bins of shredded debris, a metering
auger, and isolation values to facilitate changing the tote bins and for auger maintenance. The auger will
be capable of handling materials up to 2 inches square at a rate of 0.02 m’ per hour. The shredded material
will be gravity fed to the auger, which will control the feed rate of the shredded material into the melter.
From the auger, the material will be gravity fed directly into the melter. The auger will be one of the
higher maintenance items in the melter system. Replacement augers should be available for rapid
change-out.

Soil/Sludge Feed

The soil/sludge feed subsystem will consist of the tote bins of soil and sludge, a metering auger,
and isolation values to facilitate changing the tote bins and for auger maintenance. The auger will be
capable of handling materials up to 2 inches square at a rate of 1m’ per hour. Because the soil will be the
primary feed of the melter system, an installed spare auger may be require to allow maintenance and
replacement without shutting down feed to the melter. The dirt will be gravity fed to the auger, which will
control the feed rate of the dirt into the melter. From the auger, the material will be gravity fed directly
into the melter.

Additive Feed

Because of the uncertainties associated with the amounts and compositions of the soil, sludge, and
shredded debris to be fed to the melter, it may be necessary to introduce additives into the melter to
improve melting rate or product quality. Dry additives, such as sand, glass frit, fluxing agents, or redox
control agents, may need to be added. The additive feed subsystem provides the ability to add these dry
agents if required. The additive feed subsystem will consist of a storage bin of the required additive(s), a
metering auger, and isolation values to facilitate auger maintenance. The auger will be capable of
handling materials up to 2.5 inches square at a rate of 0.1 m’ per hour. This is based on the assumption
that the additive materials will makeup not more that 10% of the melt chemistry. The auger will control
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the feed rate of the additives into the melter. From the auger, the material will be gravity fed directly into
the melter.

Liquid Feed

A liquid feed subsystem is also provided. This will allow liquids wastes or secondary wastes (such
as off gas scrub recycle) to be fed to the melter in conjunction with the soil/sludge and shredded
materials. The sub-system consists of a 1,900 L tank that can be agitated and sampled. Sampling of the
liquid waste will be required for WIPP qualification prior to adding the liquid to the melt. Valves for
isolation and a liquid feed pump with metering capability (or a metering value), to control the rate at
which the liquid waste is fed into the melter, make up the remainder of the equipment. At this stage of the
design the amount of the scrub recycle is not known so the sizing of the tank and pumps capacities are
only estimated. Pu carryover is expected to be small but testing and evaluation will be needed to
determine if there is any chance of Pu concentration to the extent that criticality must be addressed by
geometry or other techniques.

Melter System

There are a number of different types of melters that have been used for waste vitrification. These
include joule-heated, induction, plasma torch, and arc melters.

Joule-heated melters have lower temperatures (> 1200°C)and require tightly controlled melt
chemistry to control viscosity and electro conductivity of the melt. Because of the higher melting point of
INEEL soil and the uncertainties of the waste composition, Joule-heated melters were not selected.

Induction melters have the higher temperature capability required, but, to date, the throughput
capacity required for Pit 9 has not been proven, so induction melting was not selected.

Both plasma-torch and arc melters have the high temperature and throughput capacity required for
processing the soil/sludge and shredded debris from Pit 9. A rotating-hearth plasma torch melter was
considered. The main advantage being that the plasma arc “indents” into the melt while the melt rotates
and stirs the melt. This results in any metal phase being easily stirred into the melt and oxidized by torch
gases. The torch gases can be modified as necessary to adjust the redox of the melt. The major
disadvantage to this melter is that the rotating hearth is large and complex with many moving parts, which
makes maintenance very difficult. Also, plasma-torch melters do not idle well (no feed and reduced
temperature) for extended periods. Torches also must have torch gases fed at all time for the torch to
function. This adds to the off gas burden.

Fixed-hearth arc melters use graphite electrode to generate an arc within the melt. These melters
are similar to some metal smelters that have been sized to very large capacities. They have no moving
parts, except for the electrodes, which are slowly lowered into the melter as they erode and oxidize. New
sections of electrode are added as needed. No gas is required to sustain the arc. One disadvantage is that
the melting environment is reducing, because of the graphite electrodes, which can cause a separate metal
phase to form in the bottom of the melter. To alleviate this and make the melt more oxidizing, oxygen can
be bubbled into the melter. Graphite-arc melters can be idled for weeks or months and started up again
with few problems.

Either of these two general types of arc melters could be used for vitrification of the Pit 9 waste.
The fixed-hearth arc melter was selected for this study due to the simplicity of design (and lack of
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maintenance under contaminated conditions) and the ability to be scaled up to higher throughput rates if
required. There are specific types of arc melters that could be considered, such as AC or DC arc.
However, at this point in the design both would have very similar cost and basic design requirements and
outputs. The decision as to which type of arc melter that should be used is left for conceptual design.

Melter/Power Supply

The arc melter will have a throughput capacity of greater than 1000kg/hr. This will require a
power supply of approximately 1,500kW and a melt surface area of approximately 1.5m’. Melt
temperatures will range from 1,100°C to 1,650°C. The melter will be refractory lined with a water-cooled
metal shell. The soil/sludge and shredded debris should be added to the melter at such a rate that there
would be a **cold cap™ of unreacted material on the surface of the melt. This will reduce the temperature
in the plenum of the melter and will reduce the volatility of metals from the melt.

Electrode

As the graphite electrodes erode and oxidize, the electrodes are slowly lowered into the melter
New sections of the electrode are added as needed.

Melter Drain

Glass is typically removed from a melter through a bottom drain or through an overflow/weir drain.
Some melters have both types of drains. For the Pit 9 melter, a bottom drain was chosen. Because the
drain has been found to be the primary failure mode for melters, multiple drains should be included in the
melter. The bottom drain will have heaters to initiate glass flow and cooling to assist in stopping the glass
flow. There may also be a need for mechanical means such as a specially-designed, cooled, slide value to
stop the glass flow. The drain will also have the ability to remove any metal phase that collects in the
bottom of the melter.

Glass Sampling and Slag/Glass Collection System

The glass will be poured directing into 55-gallon drums. Glass poured into drums will blister any
paint from the outside of the drum and oxidize the surface but the drum will remain intact. However, if
metal collects in the bottom of the melter and is discharged directly into an unlined drum, the drum will
deform and possible melt. Refractory lined drums could be used if a second metal phase is suspected. As
the glass leaves the melter, provisions for taking glass samples must be made. This could be a mechanical
probe that collects some glass in the pour stream from the drain in a graphic mold or the collection of
glass shards that spill off the top of the glass in the drums as it cools.

Off gas System
Introduction

Although the melter is not technically a hazardous waste combustor, the off gas system is designed
to reduce contaminant emissions sufficiently to meet or exceed the provisions of the Maximum

Achievable Control Technology for Hazardous Waste Combustors (MACT). In addition, NOx emissions
will be reduced to prevent a visible plume from the stack. The MACT limits are as follows:
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Hydrocarbons 20 ppmv
Carbon Monoxide 100 ppmv
Chlorine/Hvdrogen Chloride 21 ppmv
Low Volatile Metals 97 pg/dscm
Semi-volatile Metals 120 pg/dscm
Mercury 45 pg/dscm
Particulate Matter 34 mg/dscm
Dioxin/Furan 0.2 ng/dscm

Thermal Oxidizer/Secondary Combustion

The off gas leaving the plenum of the melter contains unburned hydrocarbons, acid gases, volatile
metals, and particulate matter (PM). The off gas from the melter first passes to a thermal oxidizer where it
is reacted with added combustion air to completely oxidize residual products. This thermal oxidizer will
be propane fired. The combustor outlet temperature is about 890°C (1,640°F).

Partial Quench

Following the thermal oxidizer, the off gas is rapidly partially quenched to about 120°C (248°F)
using a caustic scrub solution from the scrub solution hold tank. In addition to cooling the off gas, the
quench will remove a portion of the PM and acid gases.

Scrub System

Residual PM and acid gases are captured in the caustic scrubber. The scrubber provides intimate
contact with the scrub solution and off gas in order to effectively scrub volatile species (¢.g., HgCl,, HCI
and HF) and PM, and also provides additional cooling to the off gas.

The water used for quenching and scrubbing the off gas will incorporate various contaminants from
the off gas. The quench/scrub water will be maintained at about pH 7 by the addition of fresh caustic. A
blowdown stream from the scrubber will maintain the scrub solution at about 35% NaCl. Two options
exist for the blowdown stream. As much as possible of the blowdown water is to be a recycled to the
melter for vitrification. If the blowdown stream is too large for recycle to the melter, the blowdown will
be solidified in grout with a sodium chloride concentration of about 25%. The blowdown will contain
relatively small amounts of TRU species, so will be returned to Pit 9 or sent to a suitable landfill for
ultimate disposal.

High Efficiency Mist Eliminator

A high-efficiency mist eliminator (HEME) is placed downstream of scrubbersto remove entrained
water for the off gas. The HEME is used to collect fine particles in additionto water droplets. The HEME
filters employ a single, large, cylindrical, packed fiber bed. Off gas enters in the central annulus of the bed
and process water is allowed to flow down the inner face of the coarser, less densely packed fiber bed to
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minimize the accumulation of vapors and particulates on the bed. Wicking is prevented by control of the
water and off gas flow rates. The filter is washed when the pressure drop across the element reaches a
predetermined level. These units are used when the existence of fine aerosols creates a pressure drop
buildup across the HEPA filters. Due to the diffusion collection mechanism of the HEME, it should be
sized fairly conservatively in order to maintain face velocities less than 5 ft/min.

Reheater

The reheater is needed to increase the off gas to a temperature that smoothes the operation
(temperature control) of the SCR.

NOx Removal

Although the level of NOx is not expected to be high, NOx reduction will be used to ensure that
emissions are within regulatory limits. Other benefits to NOx reduction include minimizing interference
with the measurement of volatile organic emissions and elimination of a visible plume. Options for NOx
removal include multistage combustion, SCR, and selective non-catalytic reduction (SNCR). Because of
its demonstrated capabilities, SCR has been selected for the Pit 9 process.

A propane burner will heat the off gas to about 400°C and then ammonia will be injected into the
gas stream. The ammoniato NOx ratio will be about 0.9 to prevent excessive ammonia slip. The SCR
will reduce NOx emissions by greater than 95%. Due to the addition of ammonia gas, the reactions in
SCR for NO, destruction are:

4NO + 4NH, — 4N, + 6H,0

2NO, +4NH, — 3N, +6H,0

Ammonia will be supplied froma 1,000 L ammoniatank, which will require filling approximately
15times over the three-year operating period.

Heat Exchanger

The purpose of this heat exchanger is to reduce the hot gases from the SCR to about 80°C prior to
the activated carbon beds.

Mercury Adsorber

To ensure that mercury emissions will be within regulatory limits, an adsorber containing
sulfur-impregnated, activated carbon will be used. Incoming off gas is about 70°C to 80°C and for the
relative humidity must be below about 50%. Although no mercury is known to be present, the adsorption
bed will be sizedto remove about 100kg of mercury over the two years of operation. Assuming a 10%
capacity for mercury on the carbon, the adsorber will contain about 1,000kg of carbon. The carbon bed
will have a residencetime of about 3 seconds and a superficial velocity of about 0.3 m/s. The mercury
adsorption bed is designed to last the duration of the campaign and will be disposed of as mixed low-level
waste upon completion of Pit 9 remediation. In addition to mercury, it is expected that iodine and
technetium (1-129 and Tc-99 radioisotopes) would also be adsorbed onto the S-GAC.
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HEPA Filters

HEPA filters, with a PM removal efficiency of 99.97%at 0.3 um, will be used to remove the
remaining particulate matter. Roughing and HEPA filters will be replaced when the differential pressure
across the HEPA filters exceeds specifications. They will then be compacted and, if greater than
100nCi/g TRU, they will be shipped to the WIPP for disposal.

Off gas Blower

An induced draft blower is used to provide the negative press on the off gas system. This blower
should be oversized to allow for surges in the process and still maintain negative pressure on the system.
Constant negative pressure cannot be maintained by the blower alone, because the reaction time on the
blower is much larger than the surge durations. To provide for constant negative pressure and a constant
blower speed, an air purge before the blower will be adjusted to maintain flow through the blower.

Drum Handling
Drum Conveyer

The drum conveyer will move new, unpainted, unlined, 55-gallon drums from storage to a point
under the melter drain. Molten glass will be poured directly into the drum. The conveyer should be
designed to dissipate the heat transferred from the glass, through the drum, and into a large heat sink on
the conveyer. This may be a single line conveyer or a multiposition conveyer that moves the drum on and
off the conveyer into filling and cooling stations.

Drum Cooling

When glass is poured into the drum, the surface of the drum will heat rapidly. However, because of
the low thermal conductivity of the glass and the high thermal conductivity of the metal drum, the glass
just inside the surface of the drum will cool rapidly and slow the heat transfer to the outside surface of the
drum. After approximately 24 hours, the outside surface of the drum should be below 100°C.The
centerline of the glass in the drum will be much hotter. The drum must now be allowed to cool before the
drum lid can be installed. The drum lid contains a polymer gasket that will be damaged at temperature
over 100°C.A temperature cover should be placed on the surface of the glass to stop shards of glass from
being ejected from the drum due to the spalling of the glass surface from rapid cooling.

Remote Drum Lid Installation

After the drum has cooled to the point where the lid gasket will not be damaged, the permanent lid
will be installed on the drum. Modeling of the drum filled with cooling glass will be required to finalize
the time required.

Smear and Decontamination

WIPP requires that the outside surface contamination of the drum be less than 20 dpm/100 cm”
alpha and 200 dpm/100 cm” beta-gamma. Each drum will be swiped to determine the surface
contamination on the drum. If the drum surface contamination exceeds the WIPP requirement, the surface
of the drum will be decontaminated.
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Mechanical Uncertainties

There are melter designs that have been built for nuclear waste treatment applications but they have
not been demonstrated on streams with high alpha contamination on a production basis. The melter
system will have some of the same design challenges as the TRU incinerator.

The feed and discharge systems must be designed to assure isolation of the contaminated, high
temperature environment from the environment. The proposed feed system concept for this study is a
series of valves that are operated in sequence to keep the feed hopper isolated from the kiln. This scheme
must be hrther developed to assure that material flow problems and impact of high temperatures (causing
the feed to become “sticky”) are identified and addressed. The slag tapping system design will also have
to address confinement of the contaminated material.

The fact that some of these contaminants are fissile is another major concern. While it may be
unlikely, systems must be put in place to assure that fissile material does not accumulate in the system
(feed, kiln, or discharge). This control system was not evaluated as part of this study and will have to be
addressed in subsequent design efforts.

Maintenance of the melter in the contaminated environment is also a significant challenge. The
refractory lining of the melter will have to be inspected periodically and eventually replaced, if the
Stage I1I treatment facility is used to remediate other pits and trenches. Water-cooled crucibles might be
used but these have their own set of problems. Removal and replacement of spent electrodes in this
system will also be much more complicated than installations that are not concerned with the high levels
of alpha contamination.
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Appendix D

Incineration Systems Description

Introduction

The TRU incinerator system will provide thermal treatment of pre-conditioned TRU mixed wastes
from Pit 9 at the INEEL. While the concept of an incinerator system is feasible, major uncertainties
remain in both the process and mechanical designs. The process uncertainties derive from the fact that
both the pit contents and the processes that produce incinerator feeds from the pit contents are, as yet,
poorly defined. The systems used in this study were based on assumed nominal compositions and rates of
the three feed streams to the incinerator. All feed streams to the incinerator will contain > 100nCi/g TRU
and will be derived from three sources:

1. Shredded debris waste (-60 kg/h) containing combustibles, steel, and other non-combustibles

2.  Organic liquid condensate (-9 kg/h) from thermal desorption of soil, sludge, and debris fines
(< 60 mm). Primary constituents will be carbon tetrachloride, trichloroethane, trichloroethylene,
and perchloroethylene, with small amount of ethanol, EDTA, and ascorbic acid

3. Sludge (-250 kg/h) from oxalate precipitation of liquor derived from chemical (HNO;) leaching of
soil, sludge, and debris fines. In addition to oxalate complexes with TRU components, the sludge
will contain about 98% calcium and magnesium oxalates.

These streams will be incinerated to reduce the volume and toxicity of waste constituents, and to
produce a dry, solid ash that is suitable for transport to and disposal at the Waste Isolation Pilot Plant
(WIPP).

A wide variety of incinerator options could be used to fulfill the primary requirements, including a
rotary Kiln, single or multiple hearth, stoker grate, batch mass burner, or virtually any other type of fired
chamber that will convert the waste materials to off gas and stable solid ash. To support preliminary
planning and budgeting, a non-slagging, rotary kiln was selected. Although several manufacturers are
available, a design provided by Andersen 2000, Inc. is used in this description. The incinerator system is
comprised of propane-fired primary and secondary combustion chambers, associated feed systems, and an
ash removal system. The system is designed to achieve at least 99.99% destruction of all hazardous
organic constituents in the feed. An off gas system will treat the off gas to meet all applicable emission
requirements. All major equipment will operate under slight negative pressure to help prevent the spread
of alpha contamination.

The mechanical uncertainties associated with the rotary kiln (and to some extent, any incinerator
system) are driven by the special requirements for confinement of alpha contamination. Items such as
feed and discharge systems, rotating seals on the kiln, kiln inspection and maintenance and Pu holdup
concerns (criticality).

TRU Incinerator System Description

A discussion of the major components of the incinerator systems are provided below for the TRU
incinerator used in Alternative 4a.
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Primary Combustion Chamber

The primary chamber is a 1.6m ID refractory-lined, rotating kiln. The kiln will be rotated between
0.2 and 2.4 times/min. by a 30 HP gear drive motor. The three waste types are fed to the incinerator
through separate feed systems. Shredded debris is fed either loose or prepackaged in cardboard boxes (up
to 2 ft by 2 ft by 3 ft) through an airlock hopper into a ram feeder. Liquid wastes are pumped from a
7.5m’ feed tank through a pressurized nozzle directly into the flame zone of the kiln. Sludge waste is fed
from a 2 m’ sludge bin using dual ribbon flight conveyors powered by a 5 HP motor to a 5 HP positive
displacement sludge pump and then to the incinerator. Maximum heat release in the kiln, including the
secondary combustion chamber is about 7.5 MMBtu/h. Actual firing rate will be about 2.5to 3 MMBtu/h.
The residence time in the primary combustion chamber is at least 3 seconds, which provides sufficient
thermal energy and residence time for initial vaporization, oxidation, and gasification of volatile and
combustible waste components.

Ash will be discharged from the primary combustion chamber into an ash cooler where it will be
cooled to ambient temperature for packaging, assaying, and shipping. Ash discharge and packaging will
be accomplished in specially designed airlock and decontamination enclosures to prevent spread of alpha
contamination. Approximately 80 kg/h of hearth ash will be discharged from the primary combustion
chamber and a hrther 55 kg/h of dust will be added from the cyclones discussed below. Ash and dust will
be comprised of the non-combustible fraction of the debris waste, together with metal oxides, re-burned
concrete and sorbents, calcined soil components, and some refractory char. Ash particulate matter will
range in size from approximately 50 mm down to sub-micron dust. Incinerator ash will be TRU
contaminated and will be shipped to the WIPP for ultimate disposal. About 1,300 metric tons of
incinerator ash will be produced during Pit 9 remediation.

The refractory linings in the primary and secondary combustion chambers, hot cyclones, and
associated hot ducts should have sufficient lifetime to last the duration of the processing campaign, so
will only require disposal at the time of decommissioning.

Secondary Combustion Chamber

Hot off gas from the primary combustion chamber will be fed directly to a vertical, refractory-lined
secondary combustion chamber. Supplemental propane and air will be supplied through the secondary
burner. The secondary combustion chamber provides a minimum 2-second residence time at 1,100°C to
ensure complete destruction of toxic or hazardous organic species in the off gas from the primary
combustion chamber. The secondary chamber volume is to be about 14m’ yielding a maximum off gas
flow rate of about 22,000 m*/h.

Off gas Treatment System
Introduction

The off gas system is designed to reduce contaminant emissions sufficiently to meet or exceed the
provisions of the Maximum Achievable Control Technology for Hazardous Waste Combustors (MACT).

In addition, NOx emissions will be reduced so as to prevent a visible plume from the stack. The MACT
limits are as follows:
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Hydrocarbons 20 ppmv
Carbon Monoxide 100 ppmv
Chlorine/Hvdrogen Chloride 21 ppmv
Low Volatile Metals 97 pg/dscm
Semi-volatile Metals 120 pg/dscm
Mercury 45 ng/dscm
Particulate Matter 34 mg/dscm
Dioxin/Furan 0.2 ng/dscm

Testing will be required to determine the chemical composition of the off gas and the amount of
carryover of radioactive material from the primary and secondary chambers to the off gas treatment
system.

Cyclone

Off gas from the secondary chamber will pass to dual refractory-lined cyclones. Particulate matter
greater than about 40 um will be removed from the off gas and will be returned through dual
water-cooled ducts to the incinerator ash collection system for packaging and shipping.

Scrub System

From the cyclones, the off gas will pass to a Triven scrub system, also supplied by Andersen 2000,
where it is first quenched and then passed through three venturi scrubbers in series. Caustic solution, used
as the quenching and scrubbing solutions in the venturis to remove acid gases, will be recirculated
through a water-cooled heat exchanger. Provision is included for caustic blowdown when the chloride
content reaches about 20% or when the solids content reaches about 10%. The blowdown solution will be
stabilized with cement and returned to Pit 9. Make-up caustic (50%), supplied from a 1,000-gallontank,
will be used to maintain the scrub solution at a pH sufficientto facilitate removal of acid gasses. Scrubbed
off gas will pass through series mist eliminators to remove entrained moisture and particulate.

Caustic scrubber blowdown will be produced at the rate of about 3 L/min. This blowdown stream
will be about 35% NaCl. Blowdown will be solidified in grout with a sodium chloride concentration of
about 25%. The blowdown will contain relatively small amounts of TRU species, so will be returned to
Pit 9 or sent to a suitable landfill for ultimate disposal. Approximately 1,000m’ (1,600 metric tons) of
solidified scrubber blowdown will be produced during Pit 9 remediation.

About 5 MMBtw/h (5.3 GJ/h) must be rejected to a cooling tower as waste heat from the caustic
quench/scrubber. This would require about 600 gpm of cooling water supplied at 30°C and returned at
45°C. A dedicated cooling tower would consume about 10 gpm of makeup water and would produce
about 0.5 gpm of blowdown, and need electrical power to serve a 15 HP fan motor. In addition, minor
amounts of chemicals (biocides, surfactants, film formers, etc.) would be required for cooling water
conditioning.
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Mercury Adsorber

The off gas will leave the scrub system at about 50°C and saturated with water. To prevent
condensation, the off gas must be reheated to about 70°C before passing through an adsorber containing
sulfur-impregnated activated carbon to remove any mercury that might be present. Although no mercury
is known to be present, the adsorption bed will be sized to remove about 100kg of mercury over the two
years of operation. Assuming a 10% capacity for mercury on the carbon, the adsorber will contain about
1,000kg of carbon. The carbon bed will have a residence time of about 3 seconds and a superficial
velocity of about 0.3 m/s. The mercury adsorption bed is designed to last the duration of the campaign
and will be disposed of as mixed low-level waste upon completion of Pit 9 remediation.

HEPA Filters

HEPA filters, with an efficiency of 99.97%at 0.3 um, will be used to remove the remaining
particulate matter. Roughing and HEPA filters will be replaced as required when pressure drop exceeds
specifications. They will then be compacted and, if greater than 100nCi/g TRU, they will be shipped to
the WIPP for disposal.

NOx Removal

The off gas will then be heated in a recuperative exchanger before a vanadium-based selective
catalytic reduction system. A 2 MMBtu/h propane burner will heat the off gas to about 400°C and then
ammonia will be injected into the gas stream. The ammonia to NOx ratio will be about 0.9 to prevent
excessive ammonia slip. The SCR will reduce NOx emissions by greater than 95%. Hot off gas from the
SCRwill be cooled in the recuperative heat exchanger before being discharged to the atmosphere via the
stack. The SCR catalyst should last the entire campaign and will be disposed of as mixed low-level waste
upon completion. Ammonia will be supplied from a 1,000 L tank, which will require filling
approximately 15times over the three-year operating period.

Mechanical Uncertainties:

The challenges of operating equipment in an environment of alpha contamination are unique to the
nuclear industry. There are few materials as hazardous as plutonium and great efforts are expended to
assure that the alpha emitting contamination is confined. Experience with the Process Experimental Pilot
Plant (PREPP), a rotary Kiln incinerator facility that was built at the INEEL has shown how difficult that
confinement can be. The combination of rotating seals, high temperature, and the potential for
intermittent overpressure (due to periods of high rates of combustion) make the mechanical design
particularly challenging. It should be noted that these problems are not endemic to the rotary kiln. Other
types of incinerators have their own set of process and mechanical concerns. Any standard kiln design
will have to be modified to adapt it to operation in an alpha environment. Wherever possible, systems that
are not in direct contact with the contaminated material will be moved out of the confinement area. For
instance, combustion air blowers and the kiln drive motor will be evaluated to minimize the amount of
equipment.

The feed and discharge systems must be designed to assure isolation of the contaminated, high
temperature environment from the environment. The proposed feed system concept for this study is a
series of valves that are operated in sequence to keep the feed hopper isolated from the kiln. This scheme
must be hrther developed to assure that material flow problems and impact of high temperatures (causing
the feed to become “sticky”) are identified and addressed. The concept for the discharge system cools the
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ash before transferring it to packaging station but again material handling issues such as klinkers,
transferred conveyor designs, etc. must be evaluated in prototypes to assure the design solutions are
adequate.

The PREPP experience showed that the rotary seals on the kiln are “weak links” in the system.
Maintaining the required tolerances over large diameters with substantial changes in temperature is
difficult, at best. Again, concepts will have to be tested (in non-radioactive service) early in the design
phase to minimize re-work later.

The fact that some of these contaminants are fissile is another major concern. While it may be
unlikely, systems must be put in place to assure that fissile material does not accumulate in the system
(feed, kiln, or discharge). This control system was not evaluated as part of this study and will have to be
addressed in subsequent design efforts.

Maintenance of the kiln in the contaminated environment s also a significant challenge. The
refractory lining of the kiln will have to be inspected periodically and eventually replaced, if the Stage III
treatment facility is used to remediate other pits and trenches. In a typical incinerator system, this is
accomplished “hands-on”. Detailed evaluations of maintenance schemes were beyond the scope of this
study but will have to be addressed during the later design phases to assure that the work can be
accomplished in an expeditious manner that maintains worker radiation exposure as low as reasonably
achievable

Non-TRU Incinerator System Description

The return to pit incinerator system (hereafter referred to as the dirt burner) will provide thermal
treatment of pre-conditioned non-TRU mixed wastes from Pit 9 at the INEEL. Major uncertainties remain
concerningthe rates and composition of the dirt burner feed streams. These uncertainties derive from the
fact that both the pit contents and the processes that produce incinerator feeds from the pit contents are, as
yet, poorly defined. This process descriptionwas based on assumed nominal compositionsand rates of
the two feed streamsto the incinerator. All feed streams to the dirt burner will contain < 100nCi/g TRU
and will be derived from two sources:

1. Shredded debris waste (-60 kg/h) containing combustibles, steel, and other non-combustibles

2.  Soil and sludge (=980 kg/h) containing Texaco Regal oil and various VOCs, including carbon
tetrachloride, trichloroethane, trichloroethylene, and perchloroethylene, with small amounts of
ethanol, EDTA, and ascorbic acid.

These streams will be incinerated to reduce the toxicity of waste constituentsand to produce a dry,
solid ash that is suitable for return to Pit 9. A wide variety of incinerator options could be used to fulfill
the primary requirements, including a rotary kiln, single or multiple hearth, stoker grate, batch mass
burner, or virtually any other type of fired chamber that will convert the waste materials to off gas and
stable solid ash. To support preliminary planning and budgeting, a non-slagging, rotary kiln was selected.
Although several manufacturers are available, a design provided by Andersen 2000, Inc. is used as the
basis in this description. The incinerator chosen for the dirt burner application is very similar to that
chosen for the TRU incinerator.

The dirt burner system is comprised of propane-fired primary and secondary combustion chambers,
associated feed systems, and an ash removal system. The system is designed to achieve at least 99.99%
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destruction of all hazardous organic constituents in the feed. An off gas system will treat the off gas to
meet all applicable emission requirements.

While the material processed in this incinerator is not TRU, the design and maintenance issues
discussed for the TRU incinerator still apply.
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Appendix E

Process Descriptionfor Chemical Extraction

Iff troduction

Pit 9 interstitial and under-burden soils are over 90% by mass of the material in the pit. They are
estimated to make up 77% of the volume as retrieved, due to void space introduced by the **fluffing"*
effect of retrieval. This preponderance of soil significantly reduces the potential for overall volume
reduction by conventional processes; because the soil can, at best, only be reduced to 70% of the total
volume when it is fully compacted. If melted, the soil carbonate is decomposed, moisture is evaporated,
and the mineral residual can be reduced to essentially theoretical density. Combined with the destruction
of combustible debris, and melting the mineral and metal residuals from the debris a volume reduction of
nearly 50% can be obtained in theory (EDF-3634, "*Treatment Technology for OU 7-10, Stage I1I
Project'"). However, to reduce the volume any further requires decontamination o fthe soil to maximize
the material that can be returned to the pit, and to concentrate the TRU nuclides in a minimum volume for
disposal to the WIPP. Ofthe many technologies proposed for soil decontamination, chemical leaching
was chosen as an alternative for removing TRU contamination from Pit 9 soils because it 1s the only
process shown to have the potential to remove contaminants distributed on the atomic level as opposed to
discrete particles.

Nitric acid dissolution is commonly used for recovery of plutonium oxides, but is usually
augmented with hydrofluoric acid in laboratory procedures to speed the reaction. This practice is not
advisable with a soil matrix due to the prevalence of silica and alumina, as well as corrosion of
equipment. Based on the history o fthe wastes in Pit 9, it is believed that most of the plutonium oxides in
the pit come from aqueous precipitation, and ambient temperature oxidation of plutonium metal particles.
According to available literature, these oxides should be readily soluble in 6 molar nitric acid at 90°C
(Katz, Seaborg and Morss). Using this as a basis, the leach system was designed with a five-hour contact
at 90°C with an inlet concentration of 8 molar and outlet concentration of4 molar nitric acid. Preliminary
testing has shown that approximately 25 wt% of the soil matrix is dissolved at these conditions. Oxalic
acid precipitation is used to recover the leached actinides and is also well known and currently used in
various industries, including fuel reprocessing (Fukunaka et al, 2000, Shin et al, 1996). Waste solutions,
including water and neutralized nitrate salts, are evaporated and decomposed in an indirectly fired
calciner to minimize the volume of secondary wastes returned to the pit.

Table E-1 provides summary values (= +1%) of major results from the material balance.
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Table E-1. Materials summary.

. Inputs. Metric Ton Outputs, Metric Ton
soil 6,900 Calcined Solids 8,700
Nitric Acid 14,600 Calciner Off Gas 6.300
NaOH 8,000 TRU Filter Cake 2,400
Oxalic Acid 16,700 Evaporated Water 24,800
TD Water 2,800 Extractor Off Gas 700
Air 500 Dryer Gas 6,300
Totals 49,500 49,200
TRU (Ci) 7,000 Calcined Solids TRU (Ci) 300
Filter Cake TRU (Cy) 6,700

Table E-1 shows that 6,900 tons of soil is treated to produce 8,700 tons of solids returned to the pit,
a ratio of 1.26 (26% increase). The Table E-1 values for the chemicals used are listed, i.e., 8 M nitric acid,
50 wt% NaOH, and 10 wt% oxalic acid. The caustic and oxalic acid are delivered as a dry material while
the nitric acid is delivered and stored in liquid form (13 M). The 96% recovery of the TRU components is
calculated based on an assumed leaching efficiency of 98%. The process would return the remaining 4%
of the actinides to the pit, distributed fairly homogeneously over the 8,700 tons of calcined soil product.
Having been heat treated at 700°C, the plutonium residuals are expected to be essentially insoluble under
ambient conditions. Actual results may differ significantly and must be determined based on
comprehensive testing using actual materials from Pit 9.

Process Description
Leaching Process

Dry soil is received after low-temperature thermal desorption to remove VOCs and is added to the
first of three agitated leach vessels. The soil will still be at an elevated temperature from thermal
desorption. Pre-heated, 8 molar (8M) nitric acid (HNO;), is added counter-currently to the third soil leach
vessel with the temperature maintained at 90°C using an external steam jacket. The bulk of the dissolution
occurs in the first contactor (left in Figure E-1 below). Soil carbonates are dissolved and moist carbon
dioxide is vented to the off gas system. After the contact time, the slurry is pumped to a specialized filter
(e.g., Fundabac) to separate the residual solids from the liquor. The nitric acid addition is calculated to
maintain the filtrate from vessel one at >4 M. This filtrate leaves the system laden with the TRU to the
oxalate precipitation system for TRU recovery. The solids are fed to the second (middle) leach vessel,
which also receives the partially spent liquor from vessel three. The chemical leaching and filtration
continues in a similar manner in each tank. As the soil solids proceed from one contactor to the next, they
are repeatedly leached and rinsed with cleaner acid, resulting in the cleanest soil exiting to the right,
where, after filtration the soil is conveyed to a calciner for drying prior to returning to the pit. Fresh nitric
acid is fed to the third vessel, dissolving more and more soil and TRU contamination as it progresses to
the left in the diagram, exiting after the last filtration to the TRU recovery system. There are three tanks
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and the system is operated counter-current as shown in Figure E-1. This design is to minimize chemical

use and maximize decontamination.
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Figure E-1. Leaching process schematic.

The total reaction time is 5.5 hours, 2.5 hours in the first vessel followed by |.5 hours each in the
second two tanks. The assumed efficiency of leaching is 99% with a nominal filter efficiency of 98%.
These values are estimates, which require verification through testing. The acid demand includes
actinides, CaCO,, and MgCOs; with the latter two requiring 99+% of the HNO;. The inert material (i.e.,
quartz and feldspar) does not dissolve and constitutes 75 wt% of the soil to be treated. The following
equations for the leach chemistry were used.

CaCO,;+2HNO;------ >Ca(NG;),+CO,+H,0
MgCO,+2HNO;------ >Mg(NG;),+CO,+H,0
Fe,0;+6HNO,--------- >2FENO,;),+3H,0

Al,O;+6HNO - >2A(ND,), +3H,0
Precipitation

Actinides are precipitated from the filtrate using oxalic acid. The filtrate acidity must be adjusted to
< 0.5 M for the precipitation to be effective. Sodium hydroxide ( 19M NaOH) is used for this purpose.
During the addition of oxalic acid, oxalate complexes are formed and nitric acid is produced, and further
NaOH addition is required. Heat of reaction is controlled using cooling water in the tank jacket to
maintain the reaction temperature at near ambient. The following chemical reactions occur (actinides not
shown) with the first two forming insoluble products, which precipitate.

Ca(NO,), +H,C,0, — CaC,0, + 2HNO,

Mg(NO,), + H,C,0, — MgC,0, + 2HNO,
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Fe(NO,), +3H,C,0, +3NO; —— Fe(C,0,);’ + 6HNO,

AI(NO,), +3H,C,0, +3NO; —2— AI(C,0,);’ + 6 HNO,

Based on available test data, reactions require at least 8 hours for 99% efficiency. The oxalate
product is fed to a second Fundabec filter, separate from the one used in leachate processing. The oxalate
cake produced is the TRU product, which also contains the calcium and magnesium shown above. Note
that the aluminum and iron form soluble oxalate complexes that demand oxalate addition, but they remain
part of the oxalate filtrate. The TRU product cake is reduced further via incineration prior to
transportation to WIPP. The oxalate/nitrate filtrate from this process is neutralized and concentrated by
evaporation prior to calcination.

Evaporation

An evaporator is included to reduce the water content ofthe precipitation filtrate prior to
calcination. A 50% ( 19 M) NaOH solution is added prior to the evaporator to neutralize the remaining
acid from the precipitation process, which minimizes acid volatility in the evaporator. The steam from the
evaporator IS filtered and vented. The target solids concentration is less than 30 wt% while not exceeding
the solubility limit of NaNO; (1.8 g/g H,O hot), i.e., two constraints are set for slurry transportability and
major component solubility.

Calcination

The neutralized evaporator bottoms product (largely NaNO; and water) is mixed with the
decontaminated soil cake from leaching and fed to a rotary screw calciner. The NaOH added prior to the
evaporator above is deliberately added in excess to both minimize any potential acid volatility and
neutralize any residual acidity in the soil cake to minimize corrosion in the calciner. The neutralized
slurry is dried using a thermal screw at 150°C, and heated to 700°C in the calciner to break down the
NaNO; via the assumed reactions below:

NaNO, —2—1/2Na,0+ NO, +1/40,
and/or
NaNO, —2-1: 2Na,0+ 1/2NO, +1/2NO +1/20,

There is good reason to assume this reaction occurs with additives similar to those in the INTEC
calciner at 700°C based on work at the INTEC calciner system (Nenni, et al, 2000). However, it appears
that the sodium coutd be converted to Na,O or back to NaOH, which would be expected to flux the
silicates in the soil to form sodium silicates. A possible representation is identified in Figure E-2 that
shows silicates forming from typical silicates like Kaolin and quartzes found in common soils. Therefore,
it is fairly certain that the NaNO; will break down but the assumed reaction above may not be
comprehensive and should only be assumed for the purposes of estimating heat loads and ultimate masses
for return to the pit.

E-6
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Figure E-2,Probable calciner reactions.

Off Gas

The calciner off gas system is designed primarily to destroy NOx produced in the calciner. In
addition, 2 small amount of particulate matter carryover will be removed to prevent slagging in the NOx
abatement systam_Below is a description of the calciner off gas system.

Off gas from the calciner will first be passed through a refractory-lined hot cyclone designed to
remove 90% of the incoming particulate matter (PM) greater than 40 pm. The cyclone will operate at
315°C. The off gas flow rate will be about 26 Am’/min, wWith a particulate loading of about 0.5 kg/min.
The size of the hot cyclone would be about 2 ft Indiameter and 5  tall, not including associated piping.

From the exit Of the cyclone, the offigas will pass through a water-cooled heat exchanger to reduce
the temperature to about 170°C before enteringa hot baghouse filter about 90% of the remaining PM .The
off gas flow rate will be A26 m’/min, with a particulate loading of about 0.05 kg/min, Particulate netter
from the cyclone and the baghouse will be returned to the calciner to be combined with the clean soil that
is returmed 1 Pit 9. The size of a typical baghouse type filter would be about 6 ft wide by 6 ft deep by 6 ft
high. In addition, a minimum of about 6 to 8 feet would be required beneath the filter to allow removat of
ash intoa drum.

The principal component of the calciner off gas Systam is a multi-stage oxidizer. Information from
John Zink Company regarding their No,idizer® systemwas used in this description. The inlet flow rate of
26 Am’/min will contain a total NOx concentration of about 15%. Total destruction removal efficiency
(DRE) must be at least 99%. Inthe first section, a propane-fired burner will operate with
sub-stoichiometric air to produce high-temperature, reducing conditions, which will reduce NO and NO,
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to N,. The temperature in the reducing section will be 1,200°C. Following this section, about 200 kg/h of
water will be injected to quench the off gas to about 1,000°C. The off gas then passes through the
re-oxidation section, where additional air is injected to oxidize CO and unburned hydrocarbons produced
in the reducing section. Water is injected into the re-oxidation section to maintain the temperature at a
maximum of 1,000°C, at which temperature reformation of NOx is minimized.

At the exit of the multi-stage oxidizer, a partial quench will reduce the temperature to about 120°C
but maintain the relative humidity low enough to prevent condensation in the HEPA filters. Overall
length of the multi-stage oxidizer is about 40 ft, with a diameter of 6 ft. It would be possible to “fold” the
unit after the reducing section to reduce its overall length to about 20 ft. The width would remain the
same at 6 ft, but the height would increase from 6 ft to about 14 ft.

Following the quench, the off gas is combined with off gas from the leach evaporator and from the
thermal desorption condenser overhead. The off gas is passed through HEPA filters, combined with the
"clean" incinerator off gas, and sent to the stack for release.

Assumptions

o Several densities were assumed. This led to minor errors in the material balances.

° The leaching/dissolution is 99% efficiency at 90°C and S.5 hours residence time

® TRU will dissolve in the hot, 4+M nitric acid. (Insignificant refractory plutonium)

° Target TRU value for the calciner product is TRU < 100 nCi/g

o The soil contains 75% material that is inert to nitric acid and does not dissolve

® The porosity of all solid matrices ise = 0.4

e The soil density (dry) is I.5 kg/L

® The oxalate precipitation step is 99% efficient at ambient conditions and 8 hours residence time
. Solid handling and transport by slurry requires that the solids are less than 30 wt%

. The cake from leaching/dissolution and oxalate precipitation is 100% saturated with liquid

e The cake from the leaching/dissolution contains liquid ofthe same nitric acid concentration as the
incoming acid, i.e., 8M

* For the design of the leaching/dissolution process, the exiting filtrate concentration from a stage
equals the exiting cake pore liquid

® TRU contamination consists of an average Am and Pu activity ratio of Am/Pu = 2
® The thermal break down of NaNO; is as shown at 700°C
e The dry, desorbed soil may contain some heavy oils. The effect of oils was not accounted for.
Uncertainties
Some forms of TRU (fired at high temperatures) will not readily dissolve in nitric acid. If some of

this material is present in the soil, it is assumed to be present in the cake from extraction/dissolution and
ends up in the calciner solids product where it will be assayed. It is assumed that the prevalence ofthis
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refractory plutonium is not significant and the leached materials will generally not exceed the criteria for
return to Pit 9. However, it is possible that this material or leach products from batches that contain
unusually high levels of actinides could pass through the system and exceed criteria. The batches from
both of these potentialities would be sent to WIPP. No estimate can be made without greater pit
characterization, but it is assumed that the volume of this material is insignificant.

As discussed above, there is uncertainty in the calcination of NaNO; as shown. For the purposes o f
this preliminary design effort, the first reaction was used. However, hrther work is needed to address the
soil composition and use it to determine the silica products expected. Further simulation may lead to a
PFD with lower calciner temperatures and a lower energy decomposition of nitrates with a better design
basis.
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FUNDABACS? Filter for dry and slurry discharge

Type R

1 Pressurevessel
2 Product feed nozzle
3 Filtrate nozzles

4 Selid-residue discharge nozzle

. 5 Overflow and vent nozzle

6 Heelvolume nozzle

7 Instrumentationnozzle'

8 Saddle flange for heelfiltration

spray jet nozzle
9 Inspection port
10 Register
11 Filter element

12 Fllter medium
(cloth, felt, membrane ete.)

13 Cloth clamp ring

14 tower reglster support bar
(only for synthetic internals)

15 Upper reglster support bar.
(only for synthetic internals)

Fig. 1
Discharge system consisting of two 22
' FUNDABACS® Filters in a steel plant

Fg. 2 .
" Schematic of Heel Volume Filtration
Fig. 3 .
Two FUNDABACS?® Filters R-16 m? for th
productionof Acrylonitrile In a petrocht
cal plant Downwardview o the filtrate
outlet valves



FUNDABACS? filter system?
Four functions in ene unit.

1. Filtrationand heel volume filtration (Pat.)
The uniformand randem distribution of solids
throughaout the liquid In the filter is achieved by
craating an upward flow by means of a controllable
overflow, This ensures an even build-up of caka an
the filter elements,

If at the ‘end of the filtrationthe unfiltered heel cannot
be drained to the feed vessel, a heel volume filtration
must be carried out, This is achieved by the patented
heelfiltration as follows: fromthe lowest paint in the
vessel the heel is sucked by the filter pump and
returned to the vessel through the centrally located
spray nozzle in the cover. There, the sprayed heel is
evenly distributed 0N the filter elementsand the liquid
pushed through the cake by gas pressure (fig. 2).

2 Cake washing

Atthe end of the filtration Step,resp. heel filtration
stop, or draining of the filterby gas displacement, the
cake-can be subjected to the washing step by a
suitable wash-phase. The sprayed wash-phase using
the heel filtration method significantly reduces the
volume of the wash liquid compared to conventional
washing (fig. 2).

3 Cake drying

The washed cake B dried by blowing a suitable gas
phase, e.g. ambient or hot air, nitrogen or steam
through the cake on the filter elements, until the
required level of residual moisture has been reached.
-The cake remains on the filter medium during the
antire process due  the UNiQue geometric arrange-
ment of the tubes in the filter elements. At the end o
the drying cyclethe pressure vessel is vented and the.
discharge device opened to discharge the' solids.

4. In-: itu cleaning of tho filter hoses

In-siti ¢ leaning assures longer life d the filter media.
As programmed according to need, the filter media
are automatically washed In the cfosed filter to free
them from possibly strongly adhering particles.




Filter elements - heart of the filter

The formatlon of the cake and the course of drying

Solids

During the fittration, which takes place ina pressure
vessel, the liquid B pressed fromthe outside through
the filtermedium. Solids collect on its surface and
forma uniform cake. The cake remains on the filter
elements due to their concave-convex profile and a
continually maintained pressure differential across
them,

Filtrate

The filtrateflows downward through the six concentric
filter tubes, rises inside the central tube and leaves
the filtervia the registers mounted inthe upper portion
of the pressure vessel.

Cake drying

During the pumping out of the heel volume from the
filter vessel and the drying phase, gas bforced .
through the fiiter cake In the direction of the filtration
towards the inside of the filter element. At the same
time, the central tube guarantees that the cake on the
filter element is de-watered and that the remaining
liquid in the filterelement is displaced by the gas .
without any trace of liquid remaining.

4 Central tube
Filtrate collector with solid wall for
'total disptacement of tiltrate from
the filter element

2  Filter tube
Support for filter medium, tube-
* bundlewith apertured walls.

3 ‘Typical apertures an
filter tubes

4  Filter medium
Pressed against the bundled filter
‘tubes during filtration

5 Filter cake

8 Collection chamber
Connecting central tube (1) with fit-
ter tubss (2)

7  Fiitrate .
Exits filter siement through central
tube

8 Unfiltered suspension




FUNDABAC®

Dry discharge of filter cake
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wun 1 1AL =ri1ter Thickener for continuous thickeni
Type RC

; ;’iﬁ:e i 1 Pressure vessel
e st G
MRt e

R

2 Slurry feed nozzle

3 Filtrate nozzles

St e

b bttt
TR ST
T :;%\P%"?‘% i)

455 f 4 Thickened sludge discharge
e AN nozzle

5 Vent nozzle

8 Instrumentation nozzle

i

7 Probe for sludgs detector

RIS
=

8 Inspection port

9 Register

TR ST

10 Filter alémem

11 Filter medium

R T

R

12 Cloth clamp ring

SEry

13 Lower register support bar
{only for synthetic Internals)

14 Upper register support bar
{only for synthetic infernals)




By slightly modifying the FUNDABAC® Filter it can be
operated as a continuous thickener, known as the
CONTIBAC® System.

Unlike conventional thickeners the CONTIBAC®

creates a clear supernatant filtrate.

Clear filtrate as well as high throughput

A clear filtrate is obtained by the use of finely woven
media, felts or membranaes of fine porosity.

For difficult to filter product-streams short filtration
cycles build up very thin cakes, which keep the rate-
of-filtration always at the high initial flux-rate.

Filtration Cycle

Filtration starts after a very brief pre-filtration step.
Product stream feed ceases and thus the filtration.
The formed cake is displaced from the filter medium
into the filled filter by a pulsing blow-back. This action
is performed register-by-register group. The freed filter
cake remains compact and sediments rapidly, settling

a4
800

in the conical bottom of the filter.
The next filtration cycle starts immediately. Actual
cown time lasts only a few minutes.

Discharge of the concentrated suspension
The concentrated sludge is discharged during the
next filtration cycle; the cycle is NOT interrupted by
this discharge.

The discharge is affected through the bottom opening
of the filter, by means of a sluice or similar device.

Example from aciual process conditions:
Difterence In yields, betwesn FUNDABAC®

. Filtration and CONTIBAC* Thickening

800

Fhe.
TRHL AT
3

'E;

Average vield of FUNDABAC® fillration

; including dowrt-lime
‘Average vield ol CONTIBAC® systemn,

including down-lima
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